The longitudinal assessment of episodic and semantic memory was obtained from 236 patients diagnosed with Alzheimer's disease (AD, n = 128) and with frontotemporal lobar degeneration (FTLD, n = 108), including patients with a social comportment/dysexecutive (SOC/EXEC) disorder, progressive nonfl uent aphasia (PNFA), semantic dementia (SemD), and corticobasal syndrome (CBS). At the initial assessment, AD patients obtained a lower score on the delayed free recall test than other patients. Longitudinal analyses for delayed free recall found converging performance, with all patients reaching the same level of impairment as AD patients. On the initial evaluation for delayed recognition, AD patients also obtained lower scores than other groups. Longitudinal analyses for delayed recognition test performance found that AD patients consistently produced lower scores than other groups and no convergence between AD and other dementia groups was seen. For semantic memory, there were no initial between-group differences. However, longitudinal analyses for semantic memory revealed group differences over illness duration, with worse performance for SemD versus AD, PNFA, SOC/EXEC, and CBS patients. These data suggest the presence of specifi c longitudinal patterns of impairment for episodic and semantic memory in AD and FTLD patients suggesting that all forms of dementia do not necessarily converge into a single phenotype. ( JINS , 2010, 16, 278-286.) 
INTRODUCTION
Frontotemporal lobar degeneration (FTLD) is a progressive neurodegenerative condition associated with imaging and pathological evidence of frontal and temporal lobe disease (Forman et al., 2006 ; Snowden, Griffi ths, & Neary, 1996 ) . Clinical subgroups of patients within the FTLD spectrum have been described. These subgroups include patients with a decline in social comportment, personality, and executive functioning (SOC/EXEC); a fl uent form of progressive aphasia associated with impaired word comprehension and poor object knowledge known as semantic dementia (SemD); a nonfl uent, aphasic syndrome associated with effortful speech and grammatical comprehension diffi culty known as progressive nonfl uent aphasia (PNFA); and a disorder of limb praxis, visuospatial processing, and executive functioning known as corticobasal syndrome (CBS).
Longitudinal observations of cognitive functioning in neurodegenerative diseases provide valuable information from several crucial perspectives. These include improved diagnostic accuracy, the development of endpoints for treatment trials based on natural history data, and the development of prognostic algorithms that can enhance patient and family knowledge. Longitudinal observations also can inform theories about the neuroanatomic and cognitive basis of memory functioning. However, quantitative studies of longitudinal decline in large group studies involving dementia patients are rare. In this report, we describe the longitudinal course of two central aspects of memory functioning-episodic memory and semantic memory.
Longitudinal patterns of semantic and episodic memory in frontotemporal lobar degeneration and Alzheimer's disease Alzheimer's disease (AD) is the most common age-associated dementing condition. The earliest clinical char acteristic of AD is a disorder of episodic memory, that is, problems in learning and recalling specifi c facts from a specifi c spatial or temporal context. Episodic memory declines longitudinally in patients with autopsy-confi rmed AD (Rascovsky et al., 2002 ; Grossman et al., 2008 ) . This form of memory is intimately dependent on functioning of medial temporal lobe structures such as the hippocampus. Prior research suggests that this brain area is compromised earliest in AD (Arnold, Hyman, Flory, Damasio, & Van Hoesen, 1991 ) . Episodic memory functioning can also be compromised in other neurodegenerative conditions such as FTLD, but only later in the course of the condition (Grossman et al., 2008 ) . This may be related in part to the role that frontal and parietal regions appear to play in episodic memory (Cabeza, Ciaramelli, Olson, Moscovitch, 2008 ; Lepage, Ghaffer, Nyberg, & Tulving, 2002 ) .
It has been suggested that neuropsychological test performance, including memory test performance, devolves into a common clinical end-point in neurodegenerative conditions, regardless of the initial diagnosis (Kertesz, Davidson, & Fox, 1997 ; Kertesz, Davidson, & Munoz, 1999 ; Kertesz, McMonaagle, Blair, Davidson, & Munoz, 2005 ) . However, recent work with a pathologically confi rmed series of patients suggests an alternate possibility. Grossman et al. ( 2008 ) showed that the relative severity of initial neuropsychological impairment profi les in AD and FTLD patients were maintained throughout the longitudinal course of these diseases. Performance on all measures thus worsened over time in all patients, but relative impairments were maintained between groups over time. Moreover, double dissociations observed in these patient groups emphasized that several potential confounding factors could not explain this pattern of nonconverging longitudinal decline across neurodegenerative conditions. For example, executive control such as letter fl uency was signifi cantly more diffi cult in patients with autopsy-confi rmed tau-positive pathology, while confrontation naming was signifi cantly more diffi cult in patients with TDP-43 pathology. Patients with autopsy-proven AD were most impaired on a measure of verbal episodic memory. While all groups of patients worsened on all measures over time, these relative impairments were maintained throughout the entire course of the disease (Grossman et al., 2008 ). This conclusion was confi rmed by a large longitudinal study of clinically diagnosed AD and FTLD patients (Libon et al., 2009 ) . These fi ndings led to the conclusion that the relative anatomic distribution of histopathologic disease plays an important role in the initial clinical presentation of a neurodegenerative condition and that distinct patterns of relative cortical atrophy are maintained throughout the longitudinal course of these diseases.
Another way to test this observation is to examine specifi c forms of memory comparatively. Semantic memory is the long-term representation of knowledge about the meaning of words, objects, actions, ideas, and the like. Because semantic memory is complex and multi-faceted, semantic memory diffi culties may be present in many neurodegenerative patients (Libon, Massimo et al., 2007 ; Libon, Xie et al., 2007 ) , albeit for a variety of different reasons (Grossman & Koenig, 2007 ) . Atrophic changes involving the left anterior and inferolateral temporal lobe extending into visual association cortex have also been reported in the SemD subgroup of FTLD patients with specifi c defi cits in semantic memory (Söderlund, Black, Miller, Freedman, & Levine, 2008 ) . Semantic memory also may overlap conceptually and neuroanatomically with episodic memory. For example, some patients with AD have impairments for both episodic and semantic memory, suggesting that both forms of memory may decline longitudinally in a parallel manner. This would be consistent with claims that medial temporal structures such as the hippocampus contribute to episodic memory as well as semantic memory (Moscovitch et al., 2005 ) . Alternatively, some AD patients present with striking episodic memory impairment but relatively less diffi culty with semantic memory, while SemD patients have semantic memory defi cits without signifi cant episodic memory diffi culty. This suggests that these two forms of memory can be dissociated.
In this study, we examined the longitudinal course of episodic and semantic memory in patients with a clinical diagnosis of AD or FTLD. These memory measures were not evaluated in the Libon et al. ( 2009 ) study. Our primary hypothesis is that memory measures will present different longitudinal profi les and will diverge rather than converge into a common subtype. Convergence would be consistent with a shared neuroanatomic substrate involving medial temporal lobe structures as well as frontal and temporal neocortical structures in episodic and semantic memory. Alternatively, these forms of memory may diverge and follow different longitudinal paths in AD and FTLD. This would be more consistent with prior longitudinal work showing distinct neuropsychological patterns in different autopsy-confi rmed conditions (Grossman et al., 2008 ) . Moreover, this would partially dissociate the neural substrates for episodic and semantic memory.
METHODS

Participants
Our study cohort included a group of 236 patients with clinical diagnoses of AD or FTLD. All patients were evaluated and recruited from the Department of Neurology, University of Pennsylvania. Subsequently, at least two trained reviewers of a consensus committee confi rmed the presence of specifi c diagnostic criteria and also assigned patients to an FTLD subgroup based on an independent review of the semistructured history, a detailed neurologic exam, and a recently developed, brief, but standardized mental status examination (The Philadelphia Brief Assessment of Cognition [PBAC], Libon, Massimo et al., 2007 ) . The Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1974 ) was also administered.
The subgroups were classifi ed based on published criteria (Grossman & Ash, 2004 ; Neary et al., 1998 ) that have been modifi ed to improve reliability. When there was disagreement between reviewers, the case was discussed by the entire committee to arrive at a consensus diagnosis. On a different occasion trained technicians administered a detailed neuropsychological protocol comprised of different tests. This formal neuropsychological evaluation, described in detail below, was not used to diagnose these patients and the diagnosing neurologist was blind to patients' performance on the neuropsychological evaluation. These patients and their legal representatives participated in an informed consent procedure approved by the Institutional Review Board at the University of Pennsylvania.
Among the participants in this study, 108 patients were clinically diagnosed with FTLD, according to published criteria (Lund & Manchester Groups, 1994; McKhann, Trojanowski, Grossman, Miller, Dickson, & Albert, 2001 ). Patients were subclassifi ed based on a modifi cation of published criteria (Grossman & Ash, 2004 ; Neary et al., 1998 ) . Our sample included 33 SOC/EXEC patients. These patients presented with signifi cant social and behavioral diffi culties and alterations of executive functioning. Our sample included 26 PNFA patients as well. These patients had effortful speech that may be associated with speech sound substitutions and impaired grammatical comprehension, but relatively good single word comprehension. Our sample also included 20 SemD patients. The language disorder of these patients was characterized by fl uent and circumlocutory spontaneous speech that was often empty in content with a prominent naming defi cit and was associated with diffi culty understanding single words and objects. Finally, 29 patients were diagnosed with CBS based on criteria derived from clinical-pathological studies reported in the literature and our own autopsy series (Murray et al., 2007 ) . These patients had apraxia, gait diffi culty, and a lateralized extrapyramidal disorder (e.g., unilateral limb rigidity, myoclonus, dystonia, and/or alien hand). CBS can present with PNFA. These patients were included in the PNFA group.
Another 128 patients were given a clinical diagnosis of AD based on National Institute of Neurologic and Communicative Disorders and Stroke -Alzheimer's Disease and Related Disorders Association criteria (McKhann, Drachman, Folstein, Katzman, Price, & Stadian, 1984 ) . In brief, this included a progressive syndrome involving prominent episodic memory diffi culty, associated with circumlocutory speech, a visual constructional impairment, or limited executive control. AD patients with either an unusual presentation or who were classifi ed as presenting with an AD visual or frontal lobe variant ( n = 26) were excluded.
The initial clinical diagnosis of a neurodegenerative disease was consistent with the results of serum studies, structural imaging studies such as MRI or CT, studies of cerebrospinal fl uid (when available), and clinical functional neuroimaging studies such as SPECT or PET (these studies were not available to the consensus committee). Exclusion criteria included the presence of other neurologic conditions such as stroke or hydrocephalus (as determined by imaging studies reviewed by M.G.), primary psychiatric disorders such as depression or psychosis, or a systemic illness that can interfere with cognitive functioning. Some of these patients were taking a fi xed dose of a cholinesterase inhibitor (e.g., donepezil, rivastigmine, or galantamine) or memantine. Some of these patients may also have been medicated with a low dose of a nonsedating anti-depressant (e.g., serotonin-specifi c re-uptake inhibitors such as sertraline) or an atypical neuroleptic agent (e.g., quetiapine), as indicated clinically, but none of the patients demonstrated any evidence of sedation suggesting overmedication. Table 1 summarizes the demographic features of these patients.
The follow-up time for each patient was measured from the time of symptom onset. The longitudinal aspect of the design refers to the time since symptom onset, not since the initial clinic visit. Subjects were followed up to 100 months since symptom onset. All subjects had at least two visits during this study. The average follow-up time between two visits is 5.68 months ( SD = 3.93). The average number of visits is 3.54 times ( SD = 1.97). There were 95 subjects who had two visits (mean duration of illness = 46.55 months; SD = 22.63), 51 subjects who had three visits (mean duration of illness = 55.29 months; SD = 22.56), and 90 subjects who had four or more visits (mean duration of illness = 62.28 months; SD = 21.13). The average length of total time participating in this study (from the initial to the fi nal observation) is 20.53 months ( SD = 16.04). There is no statistical difference between drop-out rates at the end of the study among the 5 disease groups ( χ 2 [4] = 7.82; p = .10).
Episodic Memory
Verbal memory and learning was assessed with a 10-word list administered over three trials (Morris et al., 1989 ) . Delayed Note. MMSE = Mini-Mental State Examination; AD = Alzheimer's disease; SOC/EXEC = social/dysexecutive; PNFA = progressive nonfl uent aphasia; SemD = semantic dementia; CBS = corticobasal syndrome. free recall for this list was assessed after a 20-min fi lled delay. The delayed free recall scores ranged from 0 to 10. This was followed by a delayed recognition test where the 10 original words were intermixed with 10 novel words. Patients were asked to simply identify which words were on the original word list. The dependent variable on the recognition test was the number of original test items correctly identifi ed combined with the number of foils that were correctly rejected. On the recognition test, condition scores ranged from 0 to 20.
Semantic memory (Grossman et al., 1996 , 1997 )
Semantic knowledge was assessed with a simple task that required little verbal expression and minimum executive resource demands. On this test, patients were asked to judge the semantic category membership of 48 individually presented stimuli in response to a simple probe ("Is it an X?"). One target category was tools and the other target category was vegetables. Half of the stimuli in each category were target category members and half foils, and half of each category of stimuli was printed words and half color photos (matched for frequency, familiarity, and visual complexity across categories). Stimuli were presented in a manner blocked by category and material. Patients were given as much time as they needed to complete the task. Performance on this task has been validated by behavioral and SPECT correlation studies in AD patients with impaired semantic memory (Grossman et al., 1996 (Grossman et al., , 1997 ). The dependent variable (range, 0-48) was the number of correct responses.
Statistics
Data were analyzed using methods reported by Grossman et al. ( 2008 ) and Libon et al. ( 2009 ) . Raw scores from neuropsychological data were converted to Z -scores based on the performance of 25 age-and education-matched healthy seniors for each individual patient group. Healthy seniors were screened for health-related issues (neurologic, psychiatric, or medical conditions that could contribute to cognitive diffi culty). The rationale underlying the use of different normal control groups to calculate Z -scores is that AD and FTLD patients can vary with respect to demographic parameters such as age and education. For example, it is well documented that FTLD subtypes tend to be younger than AD patients. To minimize the possibility of such confounding effects, individually matched normal control groups were recruited and used to calculate Z -scores. Analyses of variance indicated that the age and education of these healthy controls do not differ between patient groups. A threshold of Z = −2.32 (equivalent to a p value of ≤ .01) was used to identify statistically impaired test performance relative to normal control participants at the initial evaluation. An examination of histograms showed that all episodic and semantic memory measures were normally distributed. We chose to use graphical checks for normality rather than a statistical test such as the Shapiro-Wilk test (1965), because these tests can be overly sensitive to large sample size and may erroneously identify non-normality that is not practically important. Oneway analysis of variance (ANOVA) was used to compare means of demographic variables, semantic memory, and episodic memory at initial evaluation. Tukey's post hoc test was used to perform pair-wise comparisons. Drop-out rates across groups were compared using a Pearson χ 2 test.
A mixed-effect model was used to examine the longitudinal patterns of the cognitive variables over time (Laird & Ware, 1982 ) . This is essentially a linear regression model including three parts. The fi rst part includes the random effect parameters. These are random variables and are assumed to follow a normal distribution with a correlation structure that can be estimated from the data. The second part includes fi xed-effect parameters that are assumed to be nonrandom. The third part includes an error term that is assumed to follow a normal distribution. We can think of each subject in this mixed-effect model as having his/her own linear regression model, and the population parameters can be obtained by averaging across the individual regression coeffi cients. This statistical procedure accounts for the correlations that are due to the repeated measurements of cognitive variables over time in the same patients. This statistical procedure does not require that every subject has the same time points when repeated measures are obtained. It allows subjects to have missing data during the longitudinal follow-up. However, this procedure requires that missing data should be missing at random. In our analysis, we excluded subjects ( n = 151) who were only observed once because they do not contribute directly to the estimation of the rate of decline (slopes) and we do not want to impose a strong assumption that these 151 subjects behave similarly to other subjects who had at least two visits in the data set.
In our implementation of the mixed-effect model, the intercept and the regression coeffi cient for the follow-up time were treated as random effects such that each subject has a unique intercept and regression coeffi cient for the follow-up time. The population mean coeffi cient for the follow-up time was obtained by averaging across the subject specifi c regression coeffi cients for the follow-up time. This population mean coeffi cient estimated the average monthly change for each neuropsychological measure. We were specifi cally interested in examining whether disease diagnosis was related to the longitudinal measures of the neuropsychological variables after adjustment for covariates. The following covariates were adjusted in the mixed-effect models and their regression coefficients were treated as fi xed effects: age, education, baseline MMSE, and disease diagnosis. The interaction between the disease group and the follow-up time was also examined. If the interaction term was signifi cant, the rate of decline for each disease group was then estimated separately. Longitudinal decline may be linear or curvilinear, and we examined both longitudinal effects. The correlations among the random coeffi cients were estimated based on the actual data rather than using a prespecifi ed correlation structure. For betweengroup longitudinal analysis using the mixed-effect model, F-statistics were computed to assess for overall group effects and the effect of covariates. T-statistics were used to assess for differences between any two disease groups. For within-group longitudinal analyses using the mixed-effect model, t-statistics were reported when two tasks differed within a disease group. Analyses were performed using SAS software with the proc mixed program (v9.1, SAS Institute Inc, Cary, NC). All statistical tests were two-tailed. Statistical signifi cance was set at the p < .05 level unless otherwise indicated.
RESULTS
Demographic Data
One-way ANOVA indicated that there were signifi cant between-group differences for age ( F [4,229] = 6.96; p < .001). AD patients were older than SOC/EXEC and CBS patients ( p < .05). An ANOVA also indicated a difference in performance on MMSE ( F [4,228] = 3.65; p < .007) at the initial evaluation ( Table 1 ). The AD group had a lower score on MMSE compared with PNFA patients ( p < .05) when fi rst seen. There was no signifi cant difference for education among patient groups. There was no between-group difference for duration of illness at initial evaluation.
Between-Group Test Performance
Initial delayed free recall episodic memory performance
In the area of episodic memory, a between-group difference was noted on the delayed free recall test ( F [4,224] = 10.74; p < .001, Table 2 ). Follow-up analyses found that AD patients obtained lower scores compared with SOC/EXEC, CBS, and PNFA patients ( p < .05, all analyses).
Longitudinal delayed free recall episodic memory performance
For delayed free recall, there was a signifi cant main effect for group ( F [4,327] 
Initial delayed recognition episodic memory performance
A between-group difference was noted on the delayed recognition test ( F [4,223] = 4.64; p < .002, Table 2 ). Follow-up analyses found that AD patients obtained lower scores compared with CBS and PNFA patients ( p < .05, both analyses).
Longitudinal delayed recognition episodic memory performance
There were signifi cant group differences over time ( F [4,543] = 2.61; p < .04; 
Initial semantic memory performance
There were no signifi cant differences on the semantic memory test among the fi ve groups at the initial evaluation ( Table 2 ) .
Longitudinal semantic memory performance
There were signifi cant group differences that emerged over time ( F [4,228] Note. AD = Alzheimer's disease; SOC/EXEC = social/dysexecutive; PNFA = progressive nonfl uent aphasia; SemD = semantic dementia; CBS = corticobasal syndrome.
Within-Group Test Performance
Within-group analyses examined longitudinal pair-wise differences for all dementia groups on delayed free recall, delayed recognition, and semantic measures. These analyses demonstrated worse performance on episodic delayed free recall compared with scores from the semantic memory test for the following groups: AD - 
DISCUSSION
FTLD is a major public heath problem often affecting people younger than age 65. Recent research into the neurobiology that underlies FTLD has resulted in newer schemes for the diagnosis of FTLD (McKhann et al., 2001 ) . Moreover, there is now an accumulation of data suggesting that AD and the various FTLD phenotypes can be associated with specific neuropsychological and neuropathological syndromes (Forman et al., 2006 ; Kramer et al., 2003 ; Libon, Massimo et al., 2007 ; Libon, Xie et al., 2007 ; Murray et al., 2007 ; Rascovsky et al., 2002 Rascovsky et al., , 2007 . Two points of view have emerged regarding the longitudinal course in FTLD. Kertesz et al. ( 2005 ) have presented evidence suggesting that over time FTLD syndromes tend to converge or devolve into a single phenotype. Evidence for this assertion comes from a study conducted by Kertesz, Martinez-Lage, Davidson, and Munoz ( 2000 ) who examined patients initially diagnosed with CBS. As the illness progressed, features of primary progressive aphasia (PPA) as well as a dysexecutive disorder developed. Upon autopsy, these patients presented with a variety of pathological conditions. Similar fi ndings were reported by Marczinski, Davidson, and Kertesz ( 2004 ) who found that over time SOC/EXEC and PPA patients both developed similar social comportment and behavioral disturbances. In a third study, Kertesz et al. ( 2005 ) found that autopsy-proven FTLD patients who initially presented with one neurobehavioral syndrome often developed features of other FTLD-neurobehavioral syndromes. Finally, Blair, Marczinski, Davis-Faroque, and Kertesz ( 2007 ) observed that over time, a common pattern of impaired language tends to develop in FTLD patients. An alternative point of view has been put forward by Grossman et al. ( 2008 ) who studied autopsy-proven FTLD patients longitudinally divided into tau-positive, tau-negative, and frontal variant-Alzheimer's disease (fvAD) subgroups. Baseline neuropsychological/behavioral measures differentiated between patient subgroups and these differences were maintained throughout illness duration. Also, a signifi cant double dissociation involving relative diffi culty on executive and visuoconstructional tests in the tau-positive group contrasted with relatively impaired performance on tests of visual confrontation naming in the tau-negative group. Libon et al. ( 2009 ) conducted a clinical study examining a large cohort of FTLD patients and found that the initial pattern of impairment on tests of executive control, lexical retrieval/naming, and visuoconstruction was maintained throughout illness duration. Using the same methods and data analysis techniques described above, Libon et al. ( 2009 ) found no statistical interactions between patient group and illness duration. Moreover, Libon et al. ( 2009 ) documented several striking dissociations on neuropsychological tests. For example, throughout the course of their illness AD patients showed persistently worse performance on the "animal" fl uency test, patients with PNFA were characterized by persistent diffi culty on a test of letter fl uency, the SemD group demonstrated profound impairment on a test of visual confrontation naming, and CBS patients consistently displayed poor performance on a visuoconstruction test. Thus, the results of the current study in conjunction with the data reported by Libon et al. ( 2009 ) indicate that these distinct patterns of neuropsychological impairment are maintained longitudinally, refl ecting the unique anatomic distribution of relative disease burden in AD and FTLD, and that neuropsychological functioning does not converge into a common phenotype.
In the present research, we used the same methodology to extend these fi ndings by looking at the longitudinal course in AD and FTLD on tests of episodic and semantic memory. The present longitudinal analyses of memory test performance were designed to test competing hypotheses that the pattern of neuropsychological impairment seen on episodic and semantic memory tests at the initial assessment of patients with AD and FTLD would either diverge or converge, devolving into a single phenotype.
The longitudinal analyses of the delayed free recall test did show convergence over time. As seen in Figure 1 , the initial delayed free recall test score produced by AD patients is very low (i.e., at fl oor) and changes very little over the course of their illness. An inspection of Figure 1 suggests that the signifi cant group × illness duration interaction occurred as the illness progressed. This suggests that the rate of decline for each group is different and patients with other clinical syndromes such as SemD, SOC/EXEC and CBS eventually produced similarly impaired scores on this test. This could have occurred for a variety of reasons. For example, patients with a language disorder such as SemD may have had diffi culty because of the verbal modality used to assess memory; patients with a SOC/EXEC disorder may have had diffi culty attending to the list of words; patients with CBS may have developed some frontal disease that interfered with their retrieval from memory. Regardless of the basis for these emergent episodic memory defi cits, these issues should be examined in future studies. On the delayed recognition test, longitudinal analyses demonstrated worse performance for AD patients compared with other patient groups, and this relative impairment was maintained over time. Juxtaposed with the fi ndings on the delayed recall test, there was no convergence or interaction between patient group and illness duration for delayed recognition test performance. Possible language and attention-related problems that might have contributed to poor performance on the delayed free recall test are relatively minimal when episodic memory is assessed with a recognition format. Thus, delayed recognition test performance might provide a better overall measure of episodic memory for these dementia groups.
There were no baseline between-group differences on the semantic memory tests. However, statistical analyses did reveal a main effect for illness duration. As the illness progressed, distinct between-group differences emerged. For example, we saw lower semantic memory test scores for SemD compared with AD patients. In prior research, we have consistently shown that SemD patients obtain lower scores on this test (Libon, Massimo et al., 2007 ; Libon, Xie et al., 2007 ) . There may be several reasons that baseline analyses failed to show between-group differences in the current research. Among these are the multiple cognitive components that contribute to semantic memory (Grossman & Koenig, 2007 ) , each of which can be compromised in different groups of patients. Another possibility is that patients with SemD develop a semantic memory defi cit only after a period of time following disease onset, although we cannot rule out that our test of semantic memory has selective sensitivity to specifi c components of semantic memory. Regardless of the basis for the emergent semantic defi cits in SemD patients, this pattern of performance is inconsistent with the common phenotype hypothesis (Kertesz et al., 2005 ) , and emphasizes that distinct underlying pathologies may lead to different phenotypes (Grossman et al., 2008 ) . As noted above the importance of these fi ndings revolved around better differential diagnosis and prognostic information, endpoints for treatment trials as disease modifying medications become available, and a greater understanding of brain-behavior relationships that underlie dementia. Moreover, the discrepancy between SemD and AD for semantic memory calls to question recent claims that a common neural substrate supports both semantic memory and episodic memory (Kertesz et al., 2005 ) . Episodic memory and semantic memory may share some neuroanatomic structures during processing. For example, this may support the process involved in exposure to multiple episodes about a particular object or word that may be needed to aggregate these episodes to form an entry in semantic memory (Moscovitch et al., 2005 ) . However, these fi ndings suggest that there are also important distinctions between these two forms of memory that must be honored in any comprehensive model of memory functioning.
The longitudinal within-group analyses demonstrated greater episodic memory versus semantic memory impairment. Thus, in addition to showing unique patterns of impairment in FTLD and AD over the duration of their illness, within-group analyses provide further evidence that the neurocognitive networks underlying episodic and semantic memory are at least partially distinct. Past research suggests several ways in which semantic memory diverges from episodic memory. This may be related, in part, to the way in which the features of a concept are represented cortically (Martin et al., 2007 ) ; to the way in which the network of knowledge about a concept represented in semantic memory is used to help categorize concepts (Grossman & Koenig, 2007 ) ; and/or to the way in which information represented in semantic memory is retrieved (Thompson-Schill, D'Esposito, Aguirre, & Farrah, 1997) . Additional work is needed to establish the common and divergent characteristics of episodic and semantic memory in these patient groups.
The current research is not without limitations, and several caveats should be kept in mind. First, no visual memory tests were used, and semantic memory was assessed with only one test. Different results could have occurred with a wider array of tests. This is particularly relevant because language problems typify several of our patient groups, and we assessed memory in the verbal modality. Second, although we examined longitudinal performance for a longer duration and later in the course of disease compared with most other research, it is possible that we did not examine patients suffi ciently late in the disease process to demonstrate converging group profi les. Third, most AD patients were taking cholinesterase inhibitor, although this class of medications was rarely used in the FTLD patients, and this difference may have contributed to between-group fi ndings. Fourth, we do not have histopathologic evidence for the diseases causing impairments in the patients participating in this study.
With these limitations in mind, the data reported above, in conjunction with the fi ndings described by Grossman et al. ( 2008 ) and Libon et al. ( 2009 ) , show that distinct profi les of converging and diverging longitudinal decline are present in AD and FTLD. Observations such as these suggest that AD and FTLD patients do not devolve into a single undifferentiated phenotype.
